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Abst rac t 
Erythrorchis cassythoides is a c o m m o n c l imbing orchid in Eastern Aust ra l ia . T h e plant 
lacks ch lorophyl l and typical ly is rooted a t t he base of matu re t rees sugges t ing the orch id 
rece ives its carbon supp ly v ia root fungi f r om ei ther rott ing vegeta t ion or indirect ly f rom 
l iv ing t ree roots. W e have ana lysed the funga l D N A within roots of the orch id us ing ITS -
P C R ana lys is , c lon ing and molecu lar sequenc ing to gain insight into the m o d e of nutr i t ion 
of th is o rch id . Fungal ITS rDNA sequences we re successfu l ly ampl i f ied and c loned f rom 
roots of three orchid plants occur r ing at di f ferent localit ies in S E Queens land . Compar i son 
of t hese sequences wi th ITS r D N A in G e n B a n k revealed that the funga l c o m m u n i t y of 
E cassythoides roots consis ts o f a saprot roph ic homobas id iomyce te and ec tomycor rh iza l 
funga l spec ies thus sugges t ing that the orch id is potential ly capab le of both saprophy t ic 
and parasi t ic modes of nutr i t ion. 
J . D . W . Dearna ley (2006) . T h e fungal endophy tes of Erythrorchis cassythoides—is th is orch id 
saprophyt ic o r parasi t ic? Australasian Mycologist!^ (2) : 5 1 - 5 7 . 
In t roduct ion 
Erythrorchis cassythoides (Cunn. ) Ga ray is a 
c o m m o n c l imb ing orchid o f Eucalyptus forests 
occurr ing f r om south-east Queens land to 
southern N S W (Jones 1988) . T h e plant lacks 
leaves a n d its wi ry s tems c l imb up to six 
metres o n t ree t runks (B ishop 2002) . Being 
non-photosynthet ic , the orch id rel ies on root-
dwel l ing fung i to provide a source o f carbon 
for g rowth (Wi l l iams 1979) . A s the plant is 
typical ly roo ted in the leaf litter at t he base of 
its t ree hos t , c o m m o n opin ion is that the 
ul t imate sou rce of carbon for the orchid is 
decay ing vegeta t ion (B ishop 2 0 0 2 , J o n e s 1988, 
Nichol ls 1969) . 
T h e fungi tha t co lon ise the roots of t he fami ly 
Orch idaceae can essent ia l ly be categor ised into 
two main g roups . The ful ly photosynthet ic 
orchid spec ies appear to rely on 
he terobas id iomycete fungi for seed 
germinat ion a n d ear ly (and somet imes adul t ) 
g rowth (e .g . Bougoure et al. 2 0 0 5 , Perk ins et 
al. 1995 , W a r c u p 1 9 8 1 , Ze lmer et al. 1996) . 
T h e non-photosynthet ic orch ids a re typical ly 
co lon ised by homobas id iomyce tes wi th genera 
including Thelephora-Tomentella, Russula, 
Erythromyces and Armillaria (Bougoure and 
Dearna ley 2 0 0 5 , C h a and Igar ishi 1996 , 
Dearna ley and Le Brocque 2006 , G i r landa etal. 
2006 , H a m a d a and N a k a m u r a 1963 , Tay lo r 
and Bruns 1997 , 1999) . It is be l ieved tha t 
these fungi supp ly carbon f r o m l iving t ree 
roots to orch ids (Tay lor and Bruns 1997) . 
W e have prev ious ly s tud ied the fungal 
endophy tes o f p lants in the Dipodium genus o f 
orchids (Bougoure and Dearna ley 2 0 0 5 , 
Dearna ley and Le Brocque 2006) . In two n o n -
photosynthet ic spec ies e x a m i n e d us ing 
molecular b io logy techn iques , t he pr imary 
fungal endophy tes of plant roots w e r e 
members o f the homobas id iomyce te fami ly 
Russu laceae . A s these fungi a re c o m m o n l y 
ec tomycor rh iza l o n Eucalyptus (Bougher 1995) 
and Dipodium spp . typical ly occur at the base 
of matu re Eucalyptus (Ri ley and Banks 2002 ) 
w e con jec tured tha t the orch ids had a indirect 
parasi t ic m o d e o f nutr i t ion. 
T o ga in insight into the mode of nutr i t ion o f 
£ cassythoides vie a i m e d to identi fy t he funga l 
c o m m u n i t y of roots of plants f r om four 
di f ferent locat ions in S E Queens land . Funga l 
I T S - P C R ana lys is , c lon ing and molecu la r 
sequenc ing we re used to identify the pr imary 
funga l endophy tes of these orch ids . T h e s e 
results sugges ted tha t £ cassythoides is 
co lon ised by both saprot rophic and 
ec tomycor rh iza l fung i indicat ing that the orch id 
can der ive its ca rbon both saprophyt ica l ly a n d 
parasi t ica I ly. 
Mater ia ls a n d Methods 
Acquis i t ion of orch id mater ial 
Roots we re co l lec ted f rom seven 
£ cassythoides p lants a t Wh i te Mounta in Sta te 
Forest , Hel idon Hi l ls, G e e h a m State Forest a n d 
Stan thorpe in S E Queens land Austra l ia (Tab le 
1) in Sep tember 2 0 0 5 . T h e host t ree spec ies 
( inc luding dead/ l i v ing status) was noted for 
each s p e c i m e n . Underg round root por t ions 
w e r e gent ly r emoved f rom plants and co ld 
s tored unti l re turn to the Univers i ty o f 
Sou thern Queens land whe re they we re s tored 
at -70°C. Before D N A ext ract ion, t ransverse 
sect ions we re cu t f r om the root samp les to 
locate a reas o f funga l colonisat ion and these 
w e r e pho tographed using a Micropub l isher 5.0 
digital camera ( Q l m a g i n g , C a n a d a ) on a Nikon 
E600 upr ight m ic roscope (N ikon Corpora t i on , 
T o k y o , Japan ) . 
Molecular analys is o f Erythrorchis 
endophy tes 
D N A w a s ext racted f rom who le co lon ised 
orch id roots and funga l ITS D N A ampl i f ied 
us ing ITS1F and ITS4 pr imers (Gardes and 
Bruns 1993 , Wh i te et al. 1990) . Af ter 
pur i f icat ion, ampl icons w e r e l igated into p G E M -
T Easy p lasmids ( P r o m e g a , A n n a n d a l e , N S W ) 
and t rans formed into J M 1 0 9 £ coli (P romega ) . 
Fo l lowing b lue-whi te se lec t ion , recomb inan t 
co lon ies were bu lked wi th overn ight g rowth in 
Lur ia Bertani broth . Af ter p lasmid ex t rac t ion , 
inserts we re sequenced a t t he Br isbane 
laboratory of the Aust ra l ian G e n o m e Research 
Faci l i ty. Sequences we re B L A S T sea rched in 
G e n B a n k to de termine c losest spec ies 
matches . For ful l detai ls see Bougou re and 
Dearna ley (2005) . 
Resul ts 
Orch id col lect ion detai ls 
Orch ids were typical ly located g row ing o n the 
t runks of a var iety of l iving a n d d e a d t ree 
hosts (Table 1, F ig . 1A) and all seven orch ids 
we re in f lower at the t ime of samp l ing (F ig . 
I B ) . O f the seven orch id roots ob ta ined , on ly 
th ree had obv ious co lonisat ion w h e n v i e w e d in 
c ross sect ion (F ig . 2) . 
Table 1. Collection sites for the seven E. cassythoides plants. Included are the plant number, whether or not 
fungal colonisation was apparent in hand sectioning of roots and identity and living/dead status of host plant. 
Location Plant No. Colonisation apparent Tree host 
(D)=Dead host 
(L)=Living host 
White Mountain State 
Forest 
EC1 Eucalyptus acmenoides (L) 
Geeham State Forest EC2 Colonised Corymbia intermedia (L) 
Stanthorpe EC3 Eucalyptus banksii (L) 
EC4 Colonised Allocasuarina torulosa (D) 
Helidon Hills EC5 
EC6 
Eucalyptus microcorys (D) 
Allocasuarina torulosa (D) 
EC7 Colonised Angophora woodsiana (L) 
Figure 1. A. Typical habit of £. cassythoides. B. Close up of £ . cassythoides and non-chlorophyllous stem 
(arrow). Scale bars = approximately 4 cm and 2 cm respectively. 
Figure 2. Cross section of root of 
£. cassythoides showing fungal pelotons 
(arrows). Scale bar = 500 urn. 
Molecular identif ication of Erythrorchis 
endophy tes 
T h e initial P C R ampl i f icat ion produced a 
number of bands for plant samples EC2 and 
E C 4 ; however , plant sample EC7 appeared to 
have a s ingle ampl i f ied band (not shown) . 
Sequenc ing of f ive c lones f rom plant EC2 
showed that the fungal commun i t y cons is ted 
of a number of spec ies . T h e s e inc luded a 
fungus wi th c lose aff inity to an endophy te 
previously isolated f rom Epacris pulchella Cav . 
( 9 9 % identi ty over 517 bp) , a fungus with 
similar i ty to Russula spp . ( 9 3 % identity over 
364 bp , 9 1 - 9 2 % over 378 bp) , a fungus wi th 
similar i ty to Metarhizium album Petch ( 9 4 % 
identity over 183 bp) and a fungus wi th 
identi ty to Coltricia perennis (L.) Murri l l ( 9 9 % 
over 175 bp ; Tab le 2) . A l though three c lones 
were examined for plant samp le E C 4 , these all 
had aff inity to Gymnopus spp . ( 9 5 % identi ty 
over 7 2 4 - 7 6 2 , 9 4 % ident i ty over 768 bp ; 
Tab le 2) . T h e single c lone exam ined f rom plant 
EC7 represented a fungus wi th simi lar i ty to a 
Sebacina sp . ( 8 9 % identi ty ove r 6 1 2 - 6 4 3 ; 
Tab le 2) . 
Discussion 
Prev ious s tud ies o f the fungal endophy tes of 
another Erythrorchis sp . cont rast w i th the 
observat ions m a d e here. In Erythrorchis 
altissima (B lume^ B lume , the main endophy te 
is the saprot roph ic Erythromyces crocicreas 
(Berk. & Br.) Hjortst. & Ryv. ( H a m a d a and 
N a k a m u r a 1963 , Umata 1995) . Th is fungal 
spec ies w a s not found in the cur rent 
invest igat ion o r vice versa, but it is per t inent 
that these previous s tud ies we re based on 
endophy tes capab le of being g rown f rom 
orchid roots not D N A analys is of intact roots 
wh ich is of ten more useful in ident i fy ing 
diff icult to cul ture orch id fungal spec ies 
(Bougoure and Dearna ley 2 0 0 5 , Gi r landa et al. 
2006 , Tay lo r and Bruns 1997). 
T h e fact that plant two (EC2) conta ined an 
ascomyce te fungus (Table 2) prev iously 
isolated f r om the roots of the hea th , Epacris 
pulchella (Bougoure and Cai rney 2005) is 
interest ing as the endophy tes of orch ids are 
usual ly bas id iomycetes (Leake 2005) . A n 
except ion to this is the European orch id 
Epipactis microphylla (Ehrh.) Swar tz wh ich has 
recent ly been shown to be co lon ised by 
ec tomycorrh iza l Tuber spec ies (Se losse et al. 
2004) . Metarhizium spp . are wel l known insect 
parasi tes (A lexopou lous et al. 1996) and not 
previously known as orch id endophy tes 
(Rasmussen 2002) so this sequence ei ther 
represents a soil con taminant o r an 
undescr ibed fungal spec ies w i thout a G e n B a n k 
record . 
It w a s not surpr is ing to f ind Russula spec ies as 
par tners o f th is o rch id . W e have recent ly found 
m e m b e r s of the Russu laceae to be the major 
fungal endophy tes of two spec ies o f n o n -
photosynthet ic Dipodium (Bougoure and 
Dearna ley 2 0 0 5 , Dearna ley and Le Brocque 
2006) . Tay lo r and Bruns (1997 , 1999) have 
shown the major fungal endophy tes of the 
North A m e r i c a n , non-photosynthet ic 
Corallorhiza maculata Ra f inesque and 
Corallorhiza mertensiana Bongard to be 
m e m b e r s of the Russu laceae . Gi r landa et al. 
(2006) under l ines the g lobal impor tance of th is 
fungal g roup to the eco logy of non -
photosynthet ic orch ids wi th the recent 
observat ion that European Limodorum spp . 
a lso fo rm exc lus ive par tnerships wi th 
Russu laceae . A s out l ined by Tay lo r and Bruns 
(1999) it is l ikely these fung i , wh ich are wel l 
known ectomycorrh iza l symbion ts of mature 
forest t rees wor ldw ide , prov ide a condu i t for 
carbon f rom host t ree to orch id par tner . 
Coltricia is an ec tomycorrh iza l fungal spec ies of 
coni fers (Visser 1995) but has not prev iously 
been repor ted in orch ids . Sebacina spp . a re 
wel l known endophy tes of orch ids and hosts 
inc lude non-photosynthet ic genera such as 
Neottia and Hexalectris (McKendr ick et al. 
2 0 0 2 , Se losse et al. 2 0 0 2 a , Tay lo r et al. 2003) 
as wel l as a number of photosynthet ic orch id 
spec ies (Bougoure et al. 2 0 0 5 , Shef ferson et 
al. 2 0 0 5 , W a r c u p 1988) . A l though s o m e 
m e m b e r s of t he Sebac inaceae are cons idered 
saprot roph ic (Weiss and Oberwink le r 2001) 
recent ev idence sugges ts that these fungi can 
be ec tomycorrh iza l on t ree spec ies and that 
they can play impor tant roles in re laying 
carbon to orch ids f rom host t rees (Se losse et 
al. 2 0 0 2 a , b) . 
T o my knowledge this is the f irst record of 
Gymnopus spp . as an endophy te of orch ids . 
A l though o ther m e m b e r s of the 
Tr i cho lomataceae are impor tant 
ec tomycorrh iza l spec ies (Bougher 1995) , 
Gymnopus is known as a saprot rophic fungus 
(Fuhrer 2005) . Plant four (EC4) occur red at t he 
base of a dead Allocasuarina suggest ing that 
the fungus w a s supply ing carbon der ived f rom 
decay ing t ree mater ia l to the orch id . Th is 
conc lus ion is re inforced by the occur rence of a 
saprot rophic fungus in a c lose relat ive o f the 
orch id ( H a m a d a and Nakamura 1963 , Uma ta 
1995) as wel l as Jones (1988) w h o documen ts 
£ cassythoides seed germinat ing and g row ing 
in pi les of Eucalyptus sawdust . E cassythoides 
thus jo ins the smal l minor i ty of myco -
heterot rophic orch ids tha t can obta in their 
ca rbon v ia fungal sapro t rophs (Leake 2005) . 
It is uncer ta in as to w h y a large proport ion o f 
o rch ids s tud ied we re not obv ious ly co lon ised . 
It is l ikely that all orch ids d id conta in funga l 
endophy tes but the region of co lonisat ion w a s 
restr icted and easy to miss in hand sect ion ing. 
Prev ious work o n Dipodium spp . (Bougoure 
and Dearna ley 2 0 0 5 , Dearna ley and Le 
Brocque 2006) have shown most sub te r ranean 
parts of the plants to be heavi ly co lon ised by 
endophy t i c fung i . In Dipodium, roots we re 
short , th ick and starch-f i l led represent ing an 
advanced state of myco-he tero t rophy (Leake 
1994) unl ike the case in E cassythoides. 
Table 2. Closest two matches from B L A S T searches of fungal ITS sequences amplified from the three colonised 
E. cassythoides plants. Included are the sample GenBank accession codes, GenBank matches and 














DQ398091 Epacris pulchella endophyte AY627817.1 99 517 
Epacris pulchella endophyte AY627816.1 99 517 
Plant EC2 
clone 2 
DQ398092 Russula mustelina AY061693.1 93 364 
Russula parazurea AY061704.1 92 378 
Plant EC2 
clone 3 
DQ398093 Metarhizium album AY375446.1 94 183 
Metarhizium album AF137067.1 94 183 
Plant EC2 
clone 4 
DQ398094 Russula mustelina AY061693.1 93 364 
Russula parazurea AY061704.1 91 378 
Plant EC2 
clone 5 
DQ398095 Coltricia perennis DQ234560.1 99 175 
Coltricia perennis DQ234559.1 99 175 
Plant EC4 
clone 1 
DQ398096 Gymnopus luxurians AY256709.1 95 762 
Gymnopus gibbosus AY263437.1 94 768 
Plant EC4 
clone 2 
DQ398097 Gymnopus luxurians AY256709.1 95 757 
Gymnopus luxurians AF505765.1 95 724 
Plant EC4 
clone 3 
DQ398098 Gymnopus luxurians AY256709.1 95 761 
Gymnopus gibbosus AY263437.1 94 768 
Plant EC7 
clone 1 
DQ398099 Uncultured Sebacinaceae AY634116.1 89 643 
Sebacina vermifera AF202728.1 89 612 
Al though based on analys is of fungal D N A f rom 
three orch ids , these results demonst ra te a lack 
of fungal endophy te specif ic i ty for 
E cassytho/des. Th is dif fers f rom molecular 
s tudies of o ther non-photosynthet ic orch ids 
wh ich have shown qui te speci f ic re lat ionships 
be tween plants and fungi (Bougoure and 
Dearna ley 2005 , Dearna ley and Le Brocque 
2006 , Gi r landa et a/. 2006 , Tay lo r and Bruns 
1997, 1999) . In this s tudy, it is notewor thy 
that the two orch ids which occur red on l iving 
hosts were co lon ised by ectomycorrh iza l fungal 
whereas the major fungal endophy te of plant 
four (EC4) (which w a s found growing at the 
base of a d e a d host) w a s a saprot rophic 
fungus . Th is in format ion suggests that the 
orch id is potent ial ly capab le of both parasit ic 
and saprophyt ic modes of nutr i t ion and is 
possib ly ab le to al ter its nutr i t ional m o d e 
depend ing on the state of the t ree host. In 
North A m e r i c a , the non-photosynthet ic 
Hexalectris is co lon ised by both 
ec tomycorrh iza l Sebac inaceae fungi as wel l as 
potent ial ly saprot roph ic fungi in the genus 
Thanatephorus (Taylor et al. 2003) (a l though 
the authors ascr ibe a pa thogen ic role to the 
latter) suggest ing that th is p h e n o m e n o n may 
not be un ique to E cassythoides. 
Further evaluat ion o f the m o d e of ca rbon 
nutr i t ion of this orch id spec ies wou ld involve in 
vitro co lonisat ion exper iments wi th orch id 
s e e d , t ree seedl ings and pure cu l tures of the 
fungi identi f ied here. Addi t iona l ly a larger 
samp le s ize for in situ s tud ies shou ld be 
uti l ised as these conc lus ions are based on a 
smal l number of o rch ids—only th ree o f wh ich 
we re obv ious ly co lon ised . Such a low 
colonisat ion rate is intr iguing for such a ful ly 
ach lorophy l lous spec ies and does not appea r 
to relate to tempora l fac tors ( i .e. samp le t ime) 
o r env i ronmenta l factors (e .g . p reced ing 
rainfall) (unpubl ished resul ts) . 
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